We conducted an experiment with a posttest, between-.subjects design to evaluate the potential of emerging 3D telepresence technology to support collaboration in emergency healthcare. 3D telepresence technology has the potential to provide richer visual information than current 2D video conferencing techniques. This may be of benefit in diagnosing and treating patients in emergency situations where specialized medical expertise is not locally available. The experimental design and results concerning information behavior are presented in the paper, "Exploring the potential of video technologies for collaboration in emergency medical care. Part I: Information sharing" (Sonnenwald et al). In this paper we explore paramedics' task performance during the experiment as they diagnosed and treated a trauma victim while working alone, or in collaboration with a physician via 2D videoconferencing or via a 3D proxy. Analysis of paramedics' task performance shows that paramedics working with a physician via a 3D proxy performed the fewest harmful interventions and showed the least variation in task performance time. Paramedics in the 3D proxy condition also reported the highest levels of self-efficacy. Interview data confirm these statistical results. Overall the results indicate that 3D telepresence technology has potential to improve paramedics' performance of complex medical tasks and improve emergency trauma health care if designed and implemented appropriately.
INTRODUCTION
This paper builds on the research presented in the paper "Exploring the potential of video technologies for collaboration in emergency medical care. Part I: Information sharing" (Sonnenwald et al., submitted) by further examining the potential of video technologies on task performance during collaboration in emergency medical care. As discussed in Part I, trauma is a significant health problem (Meyer, 1998; Coates & Goode, 2001) . Rural areas are often disadvantaged when it comes to high quality emergency medical care. Trauma injuries are more common in rural areas, and rural trauma patients face worse outcomes and significantly higher death rates than urban patients (AHCPR, 1996; Wilhide, 2002) . Unavailability of health care resources, longer transportation times and lack of transportation, and lack of training opportunities for emergency medical services (EMS) personnel found in rural areas contribute to the lower health care outcomes (AHCPR, 1996; Wilhide, 2002; Rowley, 2001) . Using video technologies to provide emergency health
PREVIOUS RESEARCH
Previous research on telemedicine, computer-supported cooperative work, and 3D telepresence technology were reviewed in "Part I: Information sharing". To complement that literature review, we discuss previous research on task performance and self-efficacy.
Task Performance
Task performance refers to "the detailed examination of observable activity or behavior associated with the execution or completion of a required function or unit of work" (MeSH, 2008) . Why measure task performance? The overall goal of emergency healthcare is to provide trauma, or accident, victims and other patients with medical care in order to limit the extent and minimize the effects of possible life-threatening injuries and illnesses. For emergency medical services (EMS) strive to provide this care as quickly as possible at the scene of an accident or in an ambulance while transporting the patient to a hospital or other medical facility. Thus, the key rationale for developing, installing and using a new technology in emergency medicine lies in its potential to effectively improve patient care through improved medical task performance.
The concepts of task and task performance are used to evaluate technology within several fields including human computer interaction (HCI) and computer supported cooperative work (CSCW). For example, Tan et al (2004) explore the effect of display size on the performance of 3D navigation tasks; Fussell and colleagues (2003) examine how multiple views of a remote scene contributes to the performance of a physical task; while Heldal et al (2006) compares collaborative performance of tasks vs. single work in real life settings and distributed virtual environments.
In information science several additional related concepts exist. For example, the concept of system task performance is used to evaluate the performance and effectiveness of IR systems (e.g., Borlund, 2000) . The concept, task, is also used to investigate information seeking, needs and use behavior (Vakkari, 2003) , primarily to explore perceived task difficulty or users' perceived performance or performance satisfaction (e.g., Choo et al. 2006) . Increasingly information behavior, including seeking, sharing and using information, is an integral component of tasks. That is, there are an increasing number of tasks in professional domains, including the emergency healthcare service profession, that can not be successfully completed without dynamically seeking, sharing and using information. For these tasks measuring task performance is an effective way to measure the outcomes of information behavior, complementing measures that rely on This is a preprint of an article accepted for publication in the Journal of the American society for Information Science and Technology Copyright © 2008 5 self-reports. Yet within information science few efforts, with one exception being Sonnenwald, Whitton and Maglaughlin (2003) , have been made to measure results or outcomes of human task performance. Järvelin and Ingwersen (2004) identify this as a critical limitation of current information science research, and they suggest future research should include task performance and outcome measures.
One challenge when developing a task performance measure is that it often needs to be very specific and contextualized as well as valid and reliable. This requires expert input and/or good working knowledge of the task context, and makes the re-use of previously developed measures not feasible or at best limited unless identical tasks are being performed. In addition, measures used in previous research have often either not been validated or details regarding the measures' validity are not provided.
Although management of a difficult airway, the task in our evaluation, is taught to paramedics and medical students throughout the world, a standard task performance measure, or performance assessment protocol, does not exist in the published literature. To develop measures, we researched medical education literature (e.g., Ali et al, 1996; Chappman et al, 1996; Johnson et al, 1999) and previous research on performance assessment in simulated medical scenarios (e.g., Byrne & Greaves, 2001; Devitt et al, 1998; Gaba et al, 2001; Stringer, Bajenov & Yentis, 2002) . The most frequently mentioned performance measures include combinations of: technical, cognitive and behavioral skills; number of appropriate/inappropriate procedures; and time for problem solving and decision making. These measures are often based on a recognized treatment algorithm, or in compliance with principles determined by medical researchers as good practice. Our main challenge was to construct an assessment protocol that could measure task performance comprehensively, based on the information which was possible to accurately observe from the video recordings of each session. Our initial grading protocol was based on the ASA Practice Guidelines for Management of the Difficult Airway, developed by American Society for Anesthesiologists (2003) . This protocol was then reviewed in-depth and revised by two emergency medical physicians who have decades of experience in managing difficult airways and performing cricrothyrotomies.
Self-efficacy
The social cognitive theory of self-efficacy refers to a person's judgment of their capability to perform a certain task (Bandura, 1997) . Social cognitive theory fundamentally proposes that people are products as well as producers of their own environment and social systems. The concept of self-efficacy takes this idea further, proposing that people have selfThis is a preprint of an article accepted for publication in the Journal of the American society for Information Science and Technology Copyright © 2008 6 beliefs that let them exercise control over their thoughts, beliefs and feelings which, in turn, effects how they behave.
Self-efficacy affects a person's behavior such that people with high self-efficacy try harder when facing a difficult task and are less sensitive to failures and performance obstacles than people with low self-efficacy. Low levels of self-efficacy lead to more stress, slower recovery after failures, and higher likeliness to give up when facing problems. The primary, most influential source of self-efficacy is previous task performance experiences. However, self-efficacy is also influenced by vicarious experience, i.e., observing other people' experiences and the consequences of these experiences, as well as performance feedback and verbal advice.
Self-efficacy has been used in a wide variety of studies. It has been used to explain affective and cognitive aspects of individuals' database searching strategies and interactions with Internet (Nahl, 2005; Nahl & Tenopir, 1996) . Kim (2008) uses the concept of self-efficacy to investigate the effects of users' emotional control on their search performance. In a recent study about information management Choo and colleagues (2006) use the concepts of self-efficacy and task performance to measure outcomes of information use.
Self-efficacy is considered a major determinant of future task performance, i.e., task performance creates beliefs in ability which influence future task performance. There have been many studies investigating the validity of self-efficacy as a predictive measure. For example, Downey (2006) compares and validates computer self-efficacy instruments with respect to predictive power on future performance, attitude and usage. Bolman et al (2007) found a strong positive correlation between levels of course completion and self-efficacy beliefs. Phan (2007) found that self-efficacy directly predicted reflective thinking (i.e., the learning stage where previous experiences and behaviors are connected to the solving of complex problems and future action) when investigating learning approaches and academic performance.
Future task performance is affected by self-efficacy partly through learning (Bandura, 1997) . Self-efficacy contributes to learning in the sense of skill development and skill retention as it stimulates certain behaviors. High levels of selfefficacy leads to more efforts to solve a challenging problem, and thus additional skills, while low levels of self-efficacy reduce and/or slow down skill development. Because experiences, especially successful ones, are the strongest source of influence on self-efficacy (Bandura, 1997) a paramedic's perceptions of self-efficacy after diagnosing and managing a difficult airway in a simulated medical scenario can help predict the paramedic's future performance in diagnosing and managing a difficult airway. That is, the theory of self-efficacy suggests that paramedics with higher levels of selfefficacy after diagnosing and managing a difficult airway will actually perform the same tasks better in the future. This is a preprint of an article accepted for publication in the Journal of the American society for Information Science and Technology Copyright © 2008 7 
Research Hypotheses
We propose that collaboration across geographic distances between a paramedic and physician using 3D telepresence technology may improve a paramedic's ability to diagnose and treat trauma victims now and in the future. Furthermore, because the goal of 3D telepresence technology is to allow remote physicians to see a 3D representation of the accident scene and be able to dynamically change their viewpoint of that scene in real-time (Welch et al, 2005) , allowing the physician to quickly view different parts of the victim's body and to see intricate details in depth, we propose that paramedics' task performance now and in the future will be greater when 3D telepresence technology is used than when 2D videoconferencing technology is used. Thus, our hypotheses are: 
Research Design

Research Approach
To investigate task performance and self-efficacy we used the same research design as presented in the paper "Part I:
Information sharing". That is, we used an experiment with a posttest, between-subjects design. We simulated an emergency medical situation using a sophisticated computerized mannequin, a METI Human patient simulation. The mannequin was programmed to suffer from a difficult airway and performing a cricothyrotomy was required to in order to save the mannequin. Paramedics were asked to diagnose and treat the mannequin under one of three conditions: working alone, working in consultation with a physician via state-of-the-art 2D videoconferencing, and working in consultation with a physician via a 3D proxy. The protocol for the first condition, working alone, was identical to the other two conditions except that the paramedic was asked to diagnose and treat the mannequin without any assistance from a physician.
There were 20 participants per condition. The 60 participants, 48 males and 12 females, were all certified paramedics working in southeastern U.S. The average years of total EMS work experience of the sixty paramedics was 11 years, with This is a preprint of an article accepted for publication in the Journal of the American society for Information Science and Technology Copyright © 2008 8 a range of 1 to 26 years. Their average paramedic work experience was 7 years, with a range of 1 to 24 years. The paramedics were randomly assigned across conditions, with equal distribution of gender and years of experience across all three conditions. Of all participants, 14 persons had previously performed a cricothyrotomy on a real patient, 7 in the Alone, 4 in the 2D, and 3 paramedics in the 3D proxy condition. In the 2D and 3D proxy conditions 5 and 6 paramedics respectively had met the consulting physician before, a situation that mirrors daily work of paramedics. Paramedics usually have one or two specific hospitals where they take patients on a regular basis and where they know some of the physicians in the emergency room (ER.) At other times, patients need to be transported to other hospitals or facilities where the paramedic does not know or has not met the physicians before.
Each session was videorecorded using four cameras that captured paramedic's actions on and surrounding the mannequin and the mannequin's medical output status monitor (heart rate, oxygen saturation levels). Furthermore, after each session the paramedics completed a postquestionnaire to report their perceptions of self-efficacy, and participated in an open-ended post-interview that was audiorecorded and transcribed.
Task performance measures
As discussed earlier task performance measures were developed using the ASA Practice Guidelines for Management Manual mask ventilation and intubation attempts occur repeatedly throughout the treatment process, and are thus better represented for interpretation in a quantified form rather than being recorded in the timing format.
Performing a cricothyrotomy is a binary variable simply representing if the paramedic did this procedure or not.
Harmful interventions are treatments or procedures that according to standard practice (ASA, 2003) are not indicated to perform by the medical situation. These interventions could be potentially harmful for the patient by increasing risks for complications or unwanted side-effects and by delaying the time it takes until the victim's This is a preprint of an article accepted for publication in the Journal of the American society for Information Science and Technology Copyright © 2008 9 breathing is restored. Timing of events consists of recording the time (mm:ss) for the most important events and steps in managing and treating a difficult airway. Definitions of each event are provided in Table 1 . 
Airway access-incision begins
When the paramedic begins to make the incision into the airway either with a needle or scalpel, i.e., when the needle or scalpel touches the skin.
Time (mm:ss)
Surgical access Only if needle was used initially: When the paramedic begins to make the surgical incision into the airway, i.e., when the scalpel touches the skin.
Tube insertion When a tube is fully inserted through the incision into the airway (and stays there so attaching the bag valve mask is possible)
Time (mm:ss) Timing of events
Patient stable
When the patient's chest movements start again AND the O2 blood saturation reaches 90% or higher.
Time (mm:ss)
After the expert physicians approved the grading protocol, two researchers graded a subset of sessions independently using the protocol. They compared their results, refining the definitions used in the protocol. This procedure was repeated and inter-coder reliability reached 98%, well above standard accepted levels (Robson, 2002) . The protocol was then reviewed by the expert physicians to ensure the definitions used were correct. A This is a preprint of an article accepted for publication in the Journal of the American society for Information Science and Technology Copyright © 2008 10 researcher then graded the remaining sessions. After this grading was done, a second researcher independently graded a random selection of graded sessions to further ensure the grading was accurate.
Self-efficacy measure
Self-efficacy beliefs vary in magnitude, strength and generality. Magnitude refers to the steps of increasing difficulty in a chain of behaviors a person believes herself capable of performing. Our self-efficacy instrument (a postquestionnaire) was designed to examine different types of skills related to managing a difficult airway, starting with the easiest subtasks and ending with the hardest, most demanding.
Strength of self-efficacy refers to how much a person believes that they can perform a certain task. This dimension is often associated with factors such as persistence in the face of frustration, pain, faulty equipment and other factors affecting performance. On the postquestionnaire, paramedics indicated the strength -how confident they are that they can perform each subtask -on a 7 point Likert scale. Generality concerns what effect success or failure experiences have on self-efficacy in a specific situation. This also implies whether self-efficacy altered by previous experiences is applicable or extended to other similar behaviors or contexts (Maddux, 1995) , and raises the question of the appropriate measurement level for self-efficacy beliefs. Bandura (2001) recommends that self-efficacy questions at the most detailed measurement level should be related to a very specific performance under a specific set of conditions. On the next level, self-efficacy measures should be related to a group of performances within the same activity domain under a group of conditions sharing common properties.
Since we did not find a self-efficacy questionnaire for difficult airway management or for performing a cricothyrotomy, we developed questions based on Bandura's recommendations (2001) and in consultation with emergency medical physicians. Following these suggestions the postquestionnaire items refer to participants' selfefficacy to manage a difficult airway, ranging from basic airway management tasks, such as manual mask ventilation (putting a breathing mask on a victim), to more complex tasks, such as securing the opening made in the cricothyrotomy membrane when performing a cricothyrotomy. The questions also referred to both physical and cognitive tasks, such as making an incision in the throat and deciding on alternative treatment strategies. Thus the self-efficacy questionnaire also provides insight into cognitive task performance that cannot be measured through observation. According to Bandura (1997) , the most precise relationship between self-efficacy beliefs and task performance is obtained by measuring these This is a preprint of an article accepted for publication in the Journal of the American society for Information Science and Technology Copyright © 2008 11 as close together in time as possible. Thus, the postquestionnaire was given to the participants immediately after completion of the simulated scenario.
Paramedics' reflections on their performance
As mentioned in the paper "Part I: Information sharing" the paramedics participated in a semi-structured postinterview after their session. To gain insights regarding their perceptions of their task performance we asked paramedics to identify two things about their performance during the session they were most satisfied with, and what two things they were least satisfied with. We also asked if there was anything they wish they had done differently during the session. These questions encouraged paramedics to reflect on their task performance, and share those reflections with us.
At no point during the postinterviews did we, the interviewers, criticize a paramedic's performance. As we explained to the paramedics, our role was to learn from them. Some paramedics mentioned more than two things they were most or least satisfied with; others mentioned only one.
The interviews were audiorecorded and subsequently transcribed. Two researchers independently coded a subset of the interviews, initially identifying passages in which paramedics reflected on their task performance. Inter-coder reliability was verified, and one researcher coded all remaining interviews to identify passages where paramedics discussed their performance. A subsequent round of coding was undertaken by two researchers to specifically identify themes emerging from the passages regarding performance. The researchers initially coded the passages independently, and then compared their results checking intercoder reliability. The intercoder reliability was 85% which is above accepted levels (Robson, 2002 ). However we also discussed and resolved differences achieving full agreement between the two coders.
Limitations
As discussed in "Part I: Information sharing", our research design has high levels of task, ecological and common ground validity. However one limitation was the use of video-recordings of sessions to evaluate task performance.
Although three video cameras were used and the cameras were placed optimally for the simulated scenario, it was occasionally difficult to see details of a paramedic's actions in the video because the paramedic or their medical equipment obscured the view. In fact it is this very problem that prompts the vision of 3D telepresence technology. For example, sometimes it was difficult to see and judge the exact quality of an incision. It was not possible to grade the This is a preprint of an article accepted for publication in the Journal of the American society for Information Science and Technology Copyright © 2008 12 quality of each incision, with a scale of 1 (very bad) to 7 (very good), due to lack of clarity and details in the videos. Our task performance protocol only evaluated actions that were clearly observable on all videos. An alternative approach would be for an observer to evaluate each session in real time. However this approach also has at least three disadvantages. It would be obvious to paramedics that the observer was grading them and this could be a distraction as well as make a paramedic more nervous than necessary. The observer may get in the way of the physician in the 3D proxy condition because both the observer and physician would be competing for a good view in the limited space around the mannequin's throat. There would be no way to check for inter-coder reliability, i.e., we would have to rely on one observer's observations for all 60 sessions unless there were two observers grading each session in real-time. The latter however would have been very impractical due to space and resource limitations.
One limitation of the self-efficacy measure is also the post-test design. To investigate potential impact of technology on self-efficacy, it would have been optimal to measure self-efficacy both before and after a session. However, as selfefficacy is so task-specific it would not be possible to ask participants to complete a self-efficacy questionnaire before the session without identifying the specific medical tasks they are to perform during the session. This would have affected the paramedics' task performance during the scenario, in the sense of preparing them for what procedure to expect and thus lose the critical aspect of real-time decision-making and problem solving during the session. One way to overcome this problem could have been by administering a self-efficacy questionnaire before the scenario that covered several other medical scenarios as well as our airway scenario. However, this -together with the overall data collection procedures (simulated scenario, introduction, simulator training, questionnaires and interviews) -would impose an additional cognitive and time burden for the participants and hence was not feasible. Another limitation related to task performance and self-efficacy measures is the use of a simulated scenario and manikin. Bandura (1997) discusses performance constraints in terms of people possessing skills needed to manage a certain task but have no incentives to act (possibly because it is not a real patient). This can affect task performance and the reported level of self-efficacy. However, our validity measures did not show any significant differences between the conditions with respect to levels of paramedics' engagement or perceived realism of the scenario.
Another limitation is that we have not analyzed the video-recordings from the 2D and 3D proxy conditions to further Table 2 shows frequency, mean and range of subtask performance, i.e., manual mask ventilation, intubation attempts made per session and cricothyrotomy performance, in each condition. One paramedic in the Alone condition and one in the 3D proxy condition did not manually ventilate the patient, and the fewest number of intubation attempts were performed in the 3D proxy condition. However, a Fisher's exact test 1 showed no statistically significant differences across the conditions for manual mask ventilation. An ANOVA with a least significant difference (LSD) post-hoc test comparing the mean number of intubation attempts also showed no statistically significant differences across conditions.
The standard accepted protocol for managing a difficult airway includes performing each of these subtasks several times before performing a cricothyrotomy. The lack of statistically significant results appears to indicate that paramedics followed this standard protocol irrespective of the condition.
Three paramedics in the Alone condition did not attempt to perform a cricothyrotomy. This result is not statistically significant. In our simulation, as in many real life situations, the trauma victim dies when a cricothyrotomy is not performed when it is needed. Recall that 7 paramedics in the Alone condition had previously performed a cricothyrotomy As shown in Table 2 , paramedics in the Alone and 2D conditions, on average, made one more unsuccessful intubation attempt than paramedics in the 3D proxy group (prior to considering alternative airway intervention/cricothyrotomy).
Similarly, dissatisfaction with their intubation subtask performance was most frequently mentioned by paramedics in the Alone and 2D conditions as the subtask performance they were least satisfied with. 
Harmful Interventions
As shown in Table 3 two paramedics, one paramedic in the Alone and one in the 3D proxy condition, attempted to perform a nasal intubation. These results are not statistically significant using a Fisher exact test, although performing a nasal intubation in real life can lead to serious medical complications in our scenario where the patient had indications of a head injury. Four paramedics in the Alone condition but none in the 2D or 3D proxy conditions attempted to perform a chest decompression. In our scenario there were no indications for attempting a chest decompression. Furthermore, doing it in real life can lead to medical complications for the patient, and it is unnecessary in the sense that it takes up additional time when the patient is without oxygen. Locating the cricothyroid membrane is important in order to know where to make the incision into the throat. An improper incision can prolong the time until oxygen reaches the lungs or in the worst case, damage vocal cords or an artery. As illustrated in Table 3 , three paramedics in the alone condition and one in the 2D condition did not locate the membrane before making an incision. However, all paramedics in the 3D proxy condition located the membrane. These differences while important from a patient's perspective are not statistically significant. Three paramedics working alone and one in the 2D condition performed improper incisions, either cutting in the wrong location and/or making the incision too large. This result is not statistically significant and it mirrors the result regarding locating the cricothyroid membrane. As shown in Table 3 , all paramedics who performed a cricothyrotomy in the Alone condition inserted the airway tube correctly without subsequent slippage. In the 2D condition, the airway slipped out in 4 instances, and once in the 3D proxy condition. A Fisher exact test shows the differences approach standard statistically significant levels (p = 0.073) between the Alone and 2D conditions.
In sum the highest number of harmful interventions occurred when paramedics worked alone (Table 3) . A total of 11 harmful inventions occurred when paramedics worked alone, and 6 occurred when a paramedic worked in consultation with a physician via 2D videoconferencing technology. In comparison only two harmful interventions occurred in the 3D proxy condition. This result is overall statistically significant (p = 0.021) using a Fisher exact test. However, between conditions the occurrences of harmful interventions are significant between the Alone and 3D proxy condition (p = 0.003) and approach significance between the Alone and 2D condition (p = 0.053). A power analysis showed that approximately 40 additional participants per condition would be required to obtain statistical significance between the 2D and 3D proxy conditions for overall effect size (i.e., each condition's impact on performance of harmful interventions) of 0.7. For overall power of 0.8 we would need approximately 60 additional participants per condition. Effect sizes of 0.7 or 0.8 (and above) are considered large, while 0.5 and 0.2 are considered medium and small respectively (Cohen, 1988) .
About half of those paramedics in each condition who performed harmful interventions identified their mistakes as what they liked least about their performance or something they wish that had done differently. Their comments mirror the statistical results regarding harmful interventions. For example, a participant in the Alone condition commented he was most dissatisfied with:
recognizing he was not a candidate for oral or nasal intubation. I didn't recognize it quickly enough.
As expected no one mentioned they were satisfied with performing a harmful intervention. In order to avoid damage to the brain it is crucial to minimize the time when the patient is without oxygen, in addition to perform all difficult airway treatment subtasks and avoiding harmful interventions. Thus, the timing of events ( Figure   1 ) were analyzed by first calculating times for total task performance (T0), time before the paramedic made the decision to perform the cricothyrotomy (T1), and time for the cricothyrotomy procedure (T2) which, if performed correctly, should provide the patients with oxygen again. The T0, T1 and T2 times also reflects decision making ability -when to take the step to actually perform a cricothyrotomy. The technical skills -such as finding the right place for the incision, inserting the breathing tube through the incision into the airway is reflected in T3 and T4. All these steps have to be done as quickly as possible in order to minimize the time when the patient is without oxygen, although when performed incorrectly could have fatal consequences for the patient.
Task execution times
An ANOVA test did not show any statistical significant differences between average task performance times due to condition. However, we observed that for all tasks (except for T4 "airway incision -tube insertion") the 3D proxy condition seemed to show less variation than the other conditions. A Levene test for equality of variance (Levene, 1960) , showed that differences in variance are statistically significant for the total cricothyrotomy performance time (Figure 4 , p = 0.022) and the time it took from the paramedic made the decision to perform a cricothyrotomy until the airway incision was made ( Figure 5 , p = 0.001). That is, the variation in these times was statistically significantly less for the 3D proxy condition.
We also analyzed the influence of years of paramedic experience and years of total EMS experience. Total EMS experience is defined as years of experience as paramedic plus the years of experience as basic and intermediate emergency medical technician, which require lower levels of education and typically precede paramedic certification. The results from a Spearman's rho correlation analysis (Table 4) indicate that years of paramedic and/or total EMS work experience had a statistically significant impact on three task performance times in the Alone condition, while years of total EMS experience had a statistically significant impact on four task performance times in the 2D condition. In comparison, total EMS experience had a statistically significant impact on only one task performance time in the 3D proxy condition. These correlations are all negative, indicating that the fewer the years of professional experience, the longer it took to perform the task. This suggests that any negative impact on task execution times due to fewer years of professional experience may decrease or disappear with the use of 3D telepresence technology.
The most frequently mentioned timing event in postinterviews was T1. This task performance time was discussed both positively and negatively by participants across all conditions. Positive comments included the following:
I think [I'm most satisfied with] my … recognizing that the patient needed to have a surgical cric quickly.
Participant in the Alone condition
I was like "oh, my God! I can't get past the tongue! Let's move on."… I knew immediately that I needed to cric the patient. Participant in the Alone condition
I thought deciding that I had to do a cric was important. Recognizing that I wasn't going to get him intubated…Going ahead because he was without oxygen and I needed to do something. Participant in the 2D condition
What I'm most satisfied with… [was] realizing, boom, stop here. Let's move on. Let's try something different. This ain't working; let's go to plan B [to get the airway in.] Participant in the 3D condition
Negative comments from participants in all conditions regarding T1 task performance time focused on taking too long to recognize the difficult airway, being too slow in deciding to do a cricothyrotomy, and/or hesitating to do it. For example participants reported:
I'm disappointed in the amount of time it took me to make the decision 'Okay, this is a difficult airway. This is a clamped patient from the head injury. It just doesn't look like what you have seen before, just move on and make a decision, do it. Participant in the Alone condition
Unfortunately the doctor had to advise me to do the [cric]… I didn't make that leap myself and I should have made that leap myself. Participant in the 2D condition probably could have moved on to the needle cric or the cric or surgical cric quicker. That's probably my hesitation because I've never done it before….That's the only [dissatisfying] thing that I can think of is not moving to [the cric] quickly enough. Participant in 3D proxy condition
Interestingly participants in the Alone condition discussed their dissatisfaction with all of the task performance times.
That is, at least one participant and in many cases several participants in the Alone condition were not satisfied with their 
T5: I guess [I'm least satisfied with] the assessment portion afterwards
The interview data, showing paramedics in the Alone condition had the largest variety of negative assessments related to task performance times mirror our quantitative findings that paramedics in the Alone condition had the largest variation in their actual task execution times.
Future Task Performance
Self-efficacy
There are two categories of self-efficacy items, referring to: basic airway management tasks preceding the cricothyrotomy (all subtasks occurring in time T1); and, cricothyrotomy tasks (all subtasks occurring in time comprising T2). Basic airway management tasks are tasks performed frequently by paramedics to ensure their patients are getting oxygen into their lungs. Cricothyrotomy tasks are performed less frequently, i.e., when basic airway management is not sufficient.
The mean for each question per condition are shown in Table 5 . To determine if there are statistically significant differences between the conditions we performed an ANOVA 2 , using least significant difference (LSD) and Games-Howell post-hoc tests (for equal and not equal variances respectively) to reduce the likelihood of Type 1 errors that can emerge when performing tests between multiple groups. The results are somewhat surprising. For all basic airway management tasks paramedics in the 2D condition reported lower levels of self-efficacy than paramedics working alone or in the 3D proxy condition. For one task, manually ventilating patients, the differences between paramedics working alone and in the 2D condition are statistically significant (p ! 0.05). For two other tasks, observing intubation problems and deciding on an alternative strategy when intubation fails, the differences are statistically significant at p ! 0.05 and approach significance level p ! 0.06. For all cricothyrotomy tasks, paramedics in the 2D condition again reported the lowest levels of self-efficacy. Paramedics in the 3D proxy condition reported the highest levels of self-efficacy. The differences in self-efficacy between the 2D and 3D
proxy conditions are statistically significant at the p ! 0.05 level for tasks related to the detailed skills of performing a cricothyrotomy. The paramedics in the 3D proxy condition reported higher levels of overall self-efficacy for performing a This is a preprint of an article accepted for publication in the Journal of the American society for Information Science and Technology Copyright © 2008 22 surgical cricothyrotomy compared to the paramedics in the 2D condition. This difference approach standard statistically significance at p ! 0.06. No significant differences were found between the Alone and 3D Proxy conditions. 
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Paramedics' reflections regarding future task performance
After the simulation paramedics in all conditions reported increased self-efficacy, i.e., an increased capability to perform a cricothyrotomy. Although paramedics in both the 2D and 3D proxy conditions thought they would have been able to perform a cricothyrotomy if the physician had not been available, the physician helped to make them feel more comfortable and increase their confidence. Confidence and feeling comfortable when performing a task create high levels of self-efficacy.
In both 2D and 3D proxy conditions paramedics talked about feeling more comfortable and confident after performing the cricothyrotomy while having a physician available. For example, when asked if they felt they would have performed the same tasks the same way without the physician, several replied: Table 7 . Phrases used by paramedics reflecting lower levels of self-efficacy If paramedics across all conditions reported increased levels of self-efficacy, why are the self-efficacy scores from the post-questionnaire statistically lower for paramedics participating in the 2D condition? As discussed earlier individuals with low levels of self-efficacy tend to believe that tasks are tougher than they really are, and this creates stress and a narrow vision of how best to go about the task. In the postinterviews, almost twice as many paramedics in the 2D condition as in the other conditions reported feelings of nervousness, frustration, insecurity or feeling "out of place" ( The high frequency of negative feelings reported help to verify the postquestionnaire self-efficacy results.
DISCUSSION
The results show some support for Hypothesis H1, paramedics working in collaboration with a physician via 3D telepresence technology will provide better medical care to trauma victims. The results illustrate that paramedics working in consultation with a physician via a 3D telepresence technology proxy tend to provide better medical care to trauma
Condition
Phrases
Alone 2D 3D Proxy
Feeling clumsy, nervous, scattered, distracted 1 3 5
Frustrated, less confident, insecure about decisions 2 3 0
"not as in my best form", "I had a problem being myself", "not reacting as usual"
This is a preprint of an article accepted for publication in the Journal of the American society for Information Science and Technology Copyright © 2008 25 victims than paramedics working in consultation via 2D video or paramedics working alone. Fewer subtask errors and harmful interventions were performed in the 3D proxy condition than in the Alone or 2D condition. Three paramedics in the alone condition did not perform a cricothyrotomy, although a cricothyrotomy was required to save the patient. A total of eleven harmful interventions were performed in the Alone condition, and six were performed when paramedics consulted with a physician via 2D video. In comparison only two harmful interventions were performed when the consultation occurred via the 3D proxy.
Although no statistically significant differences with respect to task performance times across conditions emerged from the data analysis, the results from the Levene test for equality of variance indicate 3D telepresence technology may reduce variation overall for the total cricothyrotomy performance time and specifically for the 'cricothyrotomy decisionairway incision' task performance time. Furthermore, only one (out of five) task performance time in the 3D proxy condition was influenced by years of professional experience. In comparison, three and four task performance times were influenced by years of professional experience when paramedics worked alone or in consultation via 2D videoconferencing, respectively. Recall that paramedics were assigned to conditions based on their years of professional experience, such that there was an equal distribution of years of professional experience across all three conditions. It appears that the 3D technology may reduce differences in diagnosis and treatment caused by differences in years of professional experience, with paramedics with fewer years of experience providing care closer to the level or those with more years of experience. From a patient's perspective and managerial perspective this is an important consideration. In emergency situations patients cannot choose which paramedics will treat them, and patients of course want the most experienced and knowledgeable paramedic to treat them. Similarly emergency healthcare service organizations want to provide the highest level of care possible, however, there is always employee turnover with more experienced paramedics retiring and pursuing other career opportunities. The use of 3D telepresence technology could help reduce any negative impact that the lack of experience plays in providing emergency healthcare.
The statistical results were reflected in comments made by paramedics during postinterviews. Paramedics collaborating with a physician via the 3D proxy expressed unequivocal satisfaction in their cricothyrotomy task performance. In comparison paramedics working alone or collaborating with a physician via state-of-the-art 2D videoconferencing technology tended to express their satisfaction hesitantly or tentatively.
The results further show support for Hypothesis H2, paramedics working in collaboration with a physician via a 3D telepresence technology will report higher levels of self-efficacy. As discussed earlier perceptions regarding self-efficacy This is a preprint of an article accepted for publication in the Journal of the American society for Information Science and Technology Copyright © 2008 26 predict and influence future task performance (Bandura, 1997) . Paramedics collaborating via the 3D proxy reported the highest levels of self-efficacy in postquestionnaires. In comparison paramedics collaborating via 2D videoconferencing reported the lowest levels of self-efficacy. Furthermore the less work experience paramedics in the alone and 2D conditions had, the lower they rated their ability to treat similar patients in the future, whereas work experience had no impact at all on feelings of self-efficacy for paramedics in the 3D proxy condition. This suggests that the 3D telepresence technology may have a positive impact on future task performance, irrespective of a paramedic's years of professional experience.
It is interesting to note that the paramedics collaborating via 2D video-conferencing reported the lowest levels of selfefficacy -even lower than the paramedics working alone. This result was mirrored in postinterviews. Almost twice as many paramedics collaborating via 2D videoconferencing than those working alone or collaborating via the 3D proxy expressed feelings using words and phrases that reflect lower levels of self-efficacy. Furthermore, previous work experience influenced their levels of self-efficacy to greater extent in the 2D than in the Alone or 3D proxy conditions, with less experienced paramedics rating their ability lower than paramedics with more experience did. An important area for future research is investigating whether the use of 2D video-conferencing for emergency medical care may actually harm paramedics' future task performance, in particular for less experienced paramedics performing complex medical tasks.
The results regarding information sharing and task performance presented in 'Exploring the potential of video technologies for collaboration in emergency medical care. Part I: Information sharing' and in this paper combine to provide a rich and ultimately consistent evaluation regarding the potential of 3D telepresence in emergency healthcare.
The usefulness of the information provided by the physician appears to be greater via the 3D proxy than via 2D videoconferencing, and the results presented in this paper suggest that current and future task performance may be enhanced with 3D telepresence technology.
We saw several features of our 3D proxy frequently utilized during the 3D proxy sessions. For example, physicians used the laser pointer to identify the location and size of the required incision, and to point to specific pieces of medical equipment that the paramedic needed to use. The paramedics paid attention to the physician's pointing. As Clarke (1996) discusses the ability to point to physical objects facilitates mutual understanding and task completion. A second feature used was the ability to dynamically change views. We saw physicians changing their viewpoint -bending down to get a side-angle view, standing up on tiptoe and bending over the victim and paramedic's hands. The physicians did not need This is a preprint of an article accepted for publication in the Journal of the American society for Information Science and Technology Copyright © 2008 27 to ask paramedics to move so the physician could see the victim better. Similarly the paramedic was free to focus on the medical task at hand, and did not need to worry about the physician's view.
Another requirement discussed by the paramedics is transparency, i.e., the 3D telepresence technology should be as transparent as possible in the sense that it needs to be immediate and require essentially no set-up time. When managing a difficult airway the paramedic has limited time to treat the patient and needs to focus exclusively on the patient. Therefore, any manual operation of the technology, such as changing the physician's views or zooming would not be feasible because the activity could take too much time away from patient care.
However, paramedics' performance outcomes and perceptions of the technology is only part of the story. Design requirements for a complex technology, such as 3D telepresence technology, that has the potential to impact many professionals and individuals, and which requires substantial changes in our technology and social infrastructures, need to take into account as many stakeholders as possible during the design process. Meeting the needs of multiple stakeholders will increase the likelihood that the technology will be successfully adopted and used. For example, while technology transparency and ease of use might important from a paramedic's perspective, a hospital administrator might not be willing to invest in a system that does not meet federal and state regulations for protecting patient privacy. An insurance company may not be willing to reimburse for emergency healthcare services utilizing a new technology if the new costs do not provide quantifiable benefits with respect to patient care. To identify these types of requirements we are conducting interviews with multiple stakeholders in the U.S. healthcare system, including emergency room (ER) physicians and nurses, IT support staff, ER department administrators, and Medicaid administrators. Our goal is to identify multiple stakeholders' needs and constraints from a broad contextual perspective to provide a more comprehensive set of design requirements than is possible from the data reported in this paper.
In summary, today paramedics at the scene of an accident collaborate with physicians via radio or cell phone which provide no visual support. Paramedics are required to verbally 'paint the picture' of the patient and accident scene to the remote physician in these complex and stressful situations where the paramedic's need for information is time-critical and where incorrect decisions based on this information may have fatal consequences. This is particularly crucial in rural areas where the retention of highly skilled and experienced paramedics is problematic.
Our study illustrates that providing physicians with rich, dynamic visual information of the emergency situation may lead to a more effective collaboration between the physician and paramedic and ultimately better patient care. Our results illustrate that state-of-the-art 2D videoconferencing does not appear sufficiently flexible to allow a physician to establish This is a preprint of an article accepted for publication in the Journal of the American society for Information Science and Technology Copyright © 2008 28 and maintain situation awareness of the dynamic and stressful remote emergency healthcare situation effectively. The physician must still ask the paramedic to provide detailed information regarding the patient and the paramedic's actions, that is, the paramedic must still 'paint the detailed picture' for the physician.
Today's state-of-the-art 2D videoconferencing technology may not provide sufficiently rich and dynamic visual information to provide better emergency healthcare in the long-term. 3D telepresence technology shows potential to improve patient healthcare in complex emergency medical situations. 
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